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(57) Abstract 

A gaming machine (100) is provided with various modules 
which togcdier fomi a distributed processor control system for the 
gaming machine. Each module communicates synchronously with 
other modules over a bus (5, 16). When used with a mechanical reel 
slot machine, a pull handle (104) activates a game, and the reels 
are controlled by stepper molore (302) to create tiic appearance 
of a mechanical linkage. During the play of the game, die stepper 
motors (302) rotate the reels and cause diem to slow down and stop 
at die symbol combination ci die selected outcome, to simulate die 
frictional slowing of reels in a mechanical slot machine where die 
stopping position of die reels is determined by frictional forces. A 
game processor (502) determines die outcome. The probability of 
a given payout is independent of die distribution of symbob on 
die reels, so a player can be provided a choice of different payout 
tables. In one embodiment, die game processor (502) may generate 
a random number to determine if a hit has been made (906), If a 
hit was made, a sec<md random number may be generated to select 
a payout from a payout distribution (912), A diiid random number 
may be generated to select a consistent display based on die payout 
distribution (916). 
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EliCTRONICALLY-CONTOOLLED GAMING MACHINE WITH 
INDEPENDENT OUTCOME SELECTION 



COPYRIGHT NOTICE 



A portion of the disclosure of this ^ 
10 contain. „t»i.x „Hich is su^^ect" ^^ht prte^tlT" 
The =op,ri,ht ow„« no objection to Z Ir^T. 
reproduction by anyone of the patent document or^e pltent 
disclosure in .«ctiy the tor. it appears in the Patent a"d 
Trade.ar. Office patent fiie or recoras, hut otherwisT 
15 reserves all copyright rights whatsoever. 

CROSS REFERBHCE TO RELATED APPLICMIOMS 

,o . , . . ""^^ application is a continuation-in-part of 
20 Application serial Ho. 08/162,501 filed December 3 1993 
Which is incorporated herein by reference for all ;urpos;s. 

BACKGROUND OP THE IHVEHTIOH 
2S na«s„ , Invention relates to gating ^chines and more 

' ""'"^ «chines 

Wherein a ga.e outcce is indicated by the sy,,a,ols on a set of 
reels appearing in a window, either using Bechanical reell or 
electronically simulated reels. 

The operation of gaaing nachines vary, but have 

IZT:^J''T'"''"^- ^ """^P^avert^es a 
V^TUT " P^''" initiates a ga»e. 

and provides a payout ainount. For losing g,«s, the payout 
amount is usually «ro. A payout defines a payout J^ZTor 
35 payout-to-wager ratio and a probability of occurrence. ^e 
resulting display and payout are collectively referred t^ 
nerem as the gzune outcome. 
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The casino business is very dynamic. Typically, a 
casino operates many gaming machines and offers many different 
varieties of machine on its gaming floor. A modern casino is 
usually set up to determine on a weekly, daily, or even hourly 
5 basis, which machines are being played more often than others, 
using automated monitors or well-placed observers. Because 
the revenues of a casino are determined by how many players 
are using their machines, and how much they are playing a 
casino would like all players in the casino to be able to play 

10 a machine of their choice. Consequently, a casino would 
rather replace an unpopular machine with a popular one than 
have players constantly waiting to play a popular machine. 

Therefore, to have as many simultaneous players 
using the available machines, a casino must be able to easily 

15 change the distribution of machines on its floor. However 
this capability has been quite costly for casino operators! 
since it requires the casino operator to maintain a large 
number of unused machines in reserve to swap in when they 
become more popular than the machines currently on the gaming 

20 floor, one example is video slot machines and mechanical reel 
slot machines, if the video slot machines are relatively 
unpopular compared to mechanical slot machines, the adept 
casino operator will adjust the proportion of machines on the 
gaming floor to ensure that more mechanical slot machines are 

25 available for play than video slot machines. 

Other factors which affect the popularity of the 
games relate to its payout characteristics, in particular, the 
hit frequency, the hold percentage and the payouts. 

Hit frequency is the frequency with which a game 

30 results in a winning game. This is a probability, so it is 
usually expressed as a percentage or as a fraction or decimal 
number between 0 and i. By adjusting the hit frequency, the 
casino operator can modify the appeal of a game. For example 
with a hit frequency of 5%, a player is likely to lose 

35 nineteen out of twenty games, and this can be quite 

discouraging. However, with a high hit frequency, such as 
40%, a player will win more often. Of course, the amount a 
casino will pay out for each win is less if the wins occur 
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more frequently, since a casino expects not to pay out mor. 

The hold percentage is the percentaae 

.0. pe^enta.^" T^^^Z:^:^:^:^ Jl^ 
I.e.. What ratio of tl.. a-ount wager.., is r.turnL to t^! 
Player on average. Por exa.ple, a machine withThoL 

Thus. on:er!grrp^::e '""^ ^" ""^^ 

coin per ^^.^^n e^ 'tr rarL'"::; ""r"' °~ 

return. -ighted by its probabiXity is the 

In a typical machine, the plaver win. - » 
or oth«: imncators of value L..! toT ' 
30 the wager, ana the payout L unTl t^^: ZT TT" 
aa.. type of value indicator. 

higher hit freguencv win h. _ "acnine with a 

IS < » ^ , ''"""oy "ill be more popular. However an 
.5 interest in increasing a machine's popularity lult , 
against the „e«, for a casino to tuL^ pro«t "n th 
machines. i„ order to respond guickly to llf^ 
desires » q^icjciy to differing customer 

aesxres, a casxno operator needs to be able to adjust the 
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payout characteristics for each of its machines, as well as to 
adjust the distribution of machine types placed on the gaming 
floor. 

Historically, slot machines were mechanical reel 
5 machines, in a mechanical reel machine, a ntunber of reels are 
provided each having a number of stopping positions, with a 
symbol displayed in a symbol window for each stopping 
position. The symbol window allows the player to see the 
symbols associated with the stopping positions, and also 
10 allows the player to see the other symbols on the reels as the 
reels are spinning before they stop at their stopping 
positions. A typical machine has three reels, with twenty 
stopping positions on each reel, each stopping position being 
equally likely. The symbols at the stopping positions might 
15 be easily recognizable fruits, such as cherries and plums, or 
shapes, such as stars and bells, or abstract symbols such as 
"7", "JACKPOT", or "BAR". The symbols need not be equally 
likely, even if the stopping positions are equally likely, 
since several stopping positions can have the same symbol' 
20 associated with it. if symbols are repeated on a reel, then 
the number of different final displays will of course be less 
than the number of different stopping position combinations. 

In prior art mechanical reel machines, the game 
outcome is determined by the stopping positions of the reels. 
The final display is the combination of symbols shown in the 
symbol window when the reels have stopped, and the payout 
amount is determined according to payout rules. The payout 
rules for a game might dictate that a player wins 2 times the 
wager if the final display is two cherry symbols appearing in 
the window and wins a thousand times the wager if the final 
display is three star symbols, since the distribution of 
symbols on the reels is known, and each stopping position is 
equally probable, the probability of each payout is easily 
calculated. 

35 using basic probability theory, a casino operator 

can determine the hit frequency and return for a machine from 
the distribution of symbols and the payout rules, m fact, 
given the payout rules, the distribution of symbols determines 



25 



30 
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th» entire payout table. For the three reel, twenty position 
machine described above, there are $000 (20 * 20 • 20) 
different stopping position coBbinations, all equally likely 
(barring illegal aanipulation of the machine or malfunction) 
5 suppose for the simplicity of the example, that each reel i.' 
provided with a single star symbol, five cherry symbol, and 
fourteen symbols which do not contribute to any winning 
combination. Further suppose that the payout rules are as 
follows: a player wins 2000 times the wager for three stars 
10 and 10 times the wager for three Cherry symbols, since the 
distribution of symbols on the reels and the payout rules 
determine the payout table, the hit frequency and the return 
for this gam. are determined by the machine. The probability 

r!?t?' " ^" '« the 

15 probability of getting three cherry symbols is one in sixty 

fo^ a25/«0.0 or 1.562S»), so the hit frequency is about one 

out of sixty three games ((l25+X)/8000, or 1.575*) and the 

return is about 40» (t[125.l0)+[i.2ooo]3/B0OO) . with this hit 

20 so diff«r.„t reels or different symbols sets should be used 
or the payout rules should be changed. 

In some cases, a casino operator, or slot machine 
manufacturer, could replace the reels associated with one 
payout table with another set of reels to adjust such payout 

25 factors as the hit frequency and return. Alternatively, the 
symbols on the reels could be made to be changeable. The 
payout rules could also be changed, but since the winning 
symbol combinations and their payout amount, are customarily 
posted on the machines, this is more difficult. 

" „' ^ "Chines, the stopping positions were 

not all equally probable, either due to malfunction, wear, or 
manipulation by unscrupulous players shaking the machine or 
using magnets to make winning positions more probable, one 
attempt to solve this problem is shown in o.S. Patent Ho. 

35 4,095,795 issued to Saxton et al. i„ , saxton machine, 
following the pull of an arm or the press of a game start 
button, a computer simulates the rotation of the reels and 
uses a random number to determine the stopping position of the 
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simulated reels. The computer then controls the physical 
reels so that they stop at the positions determined by the 
simulated rotation. Because the stopping position of the 
reels is determined by a simulated rotation of the reels, a 

5 casino operator is assured that the payout characteristics 
will not vary from the payout characteristics dictated by the 
payout rules and the distribution of symbols on the reels; 
however, the casino operator is also not able to change these 
characteristics when desired. 

On« problem with mechanical reel machines and 
simulated mechanical reel machines is that the hit frequency 
and the return are limited by the distribution of symbols on 
the reels. In the above example, each of 8000 outcomes were 
equally likely. Therefore, a casino cannot offer a payout 

15 amount of 10,000 times a wager and still have a return of less 
than 100%, because the lowest probability for a particular 
combination of symbols is l in 8000 with a three reel, twenty 
position slot machine. In fact, the probability of any 
winning combination cannot be set to other than an integer 

20 multiple of 1/8000. 

One slot machine, described in U.S. Patent 
4,448,419, issued to Telnaes, uses virtual reel expansions to 
achieve lower probabilities than would be allowed by the 
physical reels used, in the Telnaes machine, the rotation of 

25 the reels is simulated, but the simulated reels contain more 
positions than the physical reel. To do this, some positions 
on a physical reel are mapped onto more than one position on 
the simulated reel. However, the hit frequency and return are 
still dependent on the simulated reels used. Therefore, in a 

}0 dynamic environment, a casino operator would have to shut down 
a machine and replace its simulated reel strip to effect a 
different hit frequency and return. This is equivalent to a 
mechanical reel machine where some stopping positions are more 
likely by an integer multiple of the probability of other 

35 Stopping positions occtirring. 

In a video gambling game, such as a video slot 
machine, the stopping positions are determined by simulating 
mechanical reel machines, as in the Saxton machine. In some 
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e„viron»ents, wchanic.l slot Machines are nore popular i„ 

that they provide a player with a feel for an olZ ! : 

reel machine even i# *k ^ e-i lor an older nechanical 

by a co.^ut«. ^ ''"^""i"'- 

5 one mechanical slot machine, described in tj s 

generator to determine a 

10 spin, the reels 1^^^! T -^in. 
K «a reels, and the player is allowed to press a hn*»„. 
to stop each reel. «h„ «,e button for a reel rHr! T 
computer determines which symbol is in t^e 3lL ' 
Whether that symbol will all^T^ \w 
^ount. It it^ tTe i. ! tentative payout 

" is not. the r^eris^^oppL " ^^'^'^ " 
Plsyer appear, to .tirt^^n't^oTS: ' 
«turn and hit fre^.„., J." n:::^ """^ 

notice tharMr:n.rr" * ""^ 

20 selected if alyl^i^rfoT'^" 

ajriuMox wimxn foxir symbols o£ t-h^ 
is selected. Instead i-k^ , y»oois of the chosen symbol 

s^i bein, s,';z'^\z:i7z i"bir:: r --^ 
r^ej;- rciiiTr-^L^ -tst^^rnoit 
" the sachiL rfo:=r:\\tTouTa duf'"^^'^™* 

in these cases, a payout ^nsil t ",h ""e IT" 
positions Of the reels is made and . Mas t a^p:: dtt"' 
n«ct ,»e Which is related to the difference ^^twe!^ 
tentative payout amount and the amount actuallv ! 
30 this .a»„r, the slot machine can m^nt"* ' or. ^ 

.v. though the Player appears to have Z^UTZT^^Tl. 
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Gaaing machines must also be easv to • 
given that gating regulations change frL time :ot:r'ca"' 
operators need inexpensive ways to modify their LLIiV "'' 
machines to comply with new regulations. ' 

One common maintenance problem with 
the alignment of the reels if , , , B»chines is 

ne reels, if , ,,,1 contains twenty 
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symbols, then a full reel is divided into 18 degree segments 
associated with each symbol. When a reel stops, one of those 
18 degree segments should be centered in a viewing window 
which shows the final display, if the reels are not properly 
5 aligned, then a reel may stop such that half of each of two 
symbols will appear where a single, whole symbol should 
appear, on solution to the need for alignment of symbols is 
shown in U.S. Patent 5,102,136, issued to Heidel et al. , in 
Figure 5 and column 4, lines 38-62 therein. That solution 

10 comprises a screw for adjusting the rotational position of a 
reel support which in turn adjusts the rotational position of 
the symbols on the reels supported by the reel support. 
However, is a complicated mechanical alignment mechanism and 
it relies of maintaining alignment between the symbols on the 

15 reels and the reels support. 

SUMMARY OF THE INVENTION 
The foregoing difficulties have been solved by the 
gaming machine according to the present invention described 

20 herein. In one embodiment, a gaming machine comprises various 
modules, such as a value acceptor for accepting coins, bills, 
tokens, or other indications of value which serve as wagers, a 
game start switch in the form of a push button or a pull arm, 
a game processor for determining the payout of a game and a 

25 final display consistent with that payout, a game display for 
displaying the final display at the end of a playing period, 
and a payout mechanism to provide indications of value to 
winning players, all enclosed within an enclosure which 
prevents unwanted manipulation. Each module is controlled by 

30 a separate processor, with well-defined interfaces between the 
modules. For example, if the gaming machine is a slot 
machine, each reel of the slot machine might be controlled by 
a reel processor which communicates with the game processor. 

The use of a distributed processor system within a 

35 slot machine allows for synchronous events to occur without 
interrupting other processes which may be occurring, and also 
allows modules to be independently replaced, thus saving a 
casino operator considerable expense when the casino desires 
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to repl„. a module, for maintenance, on the basis of feature 
popularity, or to comply with c.h.n™(»„ feature 

»"Piy witn Changing gaming regulations 

all th. -"^"l^ity eliminates the need "for 

.11 the modules to be in on. location, and provides a 
5 manufactur«r with a simple way to provide different vari«, 

°^:zt:. L^ir-""' o^^^ ' 

"■oduies with their own processors include a light and so™h 
processor and a network interface processor. 

As an added advantage, illegal tai^ring with a 

I"Sh":°^'"' ~" the ulHf 

dUtrihuted processors, since a cheater would have to 

si^ltaneously disturb the operation of more than one 
processor, eu^e. 

embodiment of the invention is a 
5 mechanical reel slot machine with pull handle activation of a 
game. i„ this embodiment, the movements of the rells " 

"^Z handle ::^:ie 

include, a sensor to indicate when the pull handle 7.1 < 
pulled only slightlv Wh.n ^i. handle is being 

r> *u ^ iigntiy. When the pull handle is moved alloh..i„ 

0 stepper motors move the reels »n„K*, ^ "o^ed slightly, 

the reel. and'ca«e'i:L. tolL^":!,"'.":^' — 
. co^ination of selected out^r t^-^im^a: trfrttlC^ 
. Slowing Of reels i„ a mechanical slot machine where thl 

storing position of the reels is d.ter.inedr:r"ottn.l 

With stepper motor control, the game processor c,n 
q>.ery the reel processor(s, to determine tie oril^"" T 

Sr^eH: • ^^'^ » tel'T^ 

independent of the distribution of symbols on Le reeL a 

Player can be provided a choice of different payout t^ie^ 

such as a payout table that favors intermedl.r T 

"vuts intemediate wins over big 
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wins or a payout table with only big wins, in one particular 
embodiment, the payout table changes based on patterns of 
play. For example, the slot machine might use several payout 
tables during several test periods and note which payout 
5 tables result in the most play, or keep one player at the 
machine the longest. The length of time a player is at a 
machine can be guessed with reasonable accuracy from the 
timing of gaps between the end of a game and the start of the 
nejct game, as the gaps are generally longer between players 
10 than between two games played by the same player. 

Additionally, the hit frequency and return can be 
manipulated by a machine owner/ operator for a series of games 
or each game, while still allowing a random determination of a 
payout and a final display for any given game. 

A further understanding of the nature and advantages 
of the inventions herein may be realized by reference to the 
remaining portions of the specification and the attached 
drawings . 
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20 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a simplified perspective view of a slot 
machine according to the present invention; 

Figure 2 is a simplified perspective view showing 
the handle mechanism of the slot machine in further detail; 
25 Figure 3 is a front view of a slot machine reel, and 

associated hardware and circuitry; 

Figure 4 is a side view of a slot machine reel 
showing its decoder ring and symbol sector and step divisions; 

Figure 5 is a schematic diagram of the distributed 
30 processors of a slot machine; 

Figure 6 is a board layout diagram of the electronic 
circuitry used to support the operation of the slot machine; 

Figure 7 is a schematic diagram showing the game 
processor in further detail; 

35 Figure 8 is a flowchart of a process implemented by 

a game processor of the slot machine; and 

Figure 9 is a flowchart of an alternate process 
implemented by a game processor. 



10 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention is not so constrained, but is 
described herein with reference to one very specific example 
Of a gaming machine which is a slot machine with three reels 
5 each reel having twenty stopping positions, each of which has 
associated with it a symbol, of the twenty symbols on a reel, 
one is a bar symbol ("BAR"), three are cherry symbols 
rCHERRY") and sixteen other symbols which do not contribute 
to a winning display. i„ an actual machine, the symbols and 
peyout rules are liJcely to be more varied, to keep the 
interest of players, however this example is simplified so 
that the description is clear, it should be apparent that the 
concepts disclosed herein apply to any slot machine 
configuration, and any gaming machine configuration where the 
result Of a game is shown by a display and the display needs 
to be consistent with a payout determined randomly according 
to probability distributions and a desired return and/or hit 
frequency, especially where the display is a display of 
symbols, such as those found on reels of slot machines or 

andL^Hlf ' ^« ^-^"<^ "turn 

and/or hit frequency are independent of the distribution of 
the symbols. 

Figure 1 is . pwspectiva view of a slot machine lOO 
according to the present invention. Slot machine lOO is shown 
including a coin acceptor 102, a handle 104, a play button 
106 three reel. 108, «,ch of which shows a symbol no in a 
symbol window in. slot machine lOO is also shown including a 
c.^ out button 112, a payout rules selector ii«, a p.y-o»! 

,n Tjt ' • "«» » 1«. »11 

30 either enclosed within a slot machine enclosure 120 or 

attached thereto. Top box 122 further comprises lights 124 
and a speaker 126. 

nn, . r * " * into slot 

102. AS should be apparent, wagers can be collected in 
different ways such as a bill acceptor, a token acceptor, a 
ticket acceptor or an electronic value transferring systems to 
transfer value from the player to the casino operator for a 
wager. Once a wager has been made, the player will pull 



25 
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handle 104 in the direction indicated or press play button 
106. When a game is initiated, reels 108 are set in to 
rotation. A game processor (not shown) determines, as 
explained below, what the outcome of the game will be. This 
5 determination occurs on the basis of random niimber 

calculations and can complete before the reels begin spinning 
or may be performed after the reels begin spinning. The 
outcome of the game is a payout and a final display. The 
internal electronics of slot machine 100 cause reels 108, 

10 usually one at a tine, to stop on the symbols selected as the 
final display. A payout amount is then ejected from a hopper 
(not shown) into hopper tray lis and, depending on the payout 
amount, lights 124 may be set to illuminate or flash and 
speaker 126 may be controlled so as to emit sounds 

15 accompanying a winning payout. The final display and the 
payout which form the outcome of the game are selected so as 
to be consistent with payout rules as specified on payout rule 
chart 116. Payout rule chart 116 as shown in Figure l 
indicates that a final display of three star symbols will 

20 receive a payout amount of one hundred times the wager and a 
final display of three cherry symbols will receive a payout of 
ten times the wager. As explained below, selector switches 
114 are used to select different payout probability 
distributions. The ability for a player to select different 

25 probability distributions or payouts is one advantage provided 
by the present invention as a byproduct of the fact that the 
payout distributions are not made dependent upon the payout 
rules combined with the distribution of symbols 110 on reels 
108. Figure 1 does not show the various electronic controls 

30 which control the switches/ lights 124, speaker 126, reels 108 
and handle 104; however, these are shown in detail in Figures 
5, 6 and 7. 

Figure 2 shows control and sensor mechanisms 
associated with handle 104. Handle 104 exits enclosure 120 at 
35 a bearing 202 and extends into enclosure 120 as a shaft 208. 
Coupled onto shaft 208 are a position sensor 204, which in 
soma embodiments is a potentiometer, and a lever arm 206 on 
which is attached a strain gauge 210. Position sensor 204 
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l«e, 2X4 and strain gauge 210 cc»»unicat„ a st«i„ 
" - processor over signa. Un^ 

ar» 206 to be rotated " '"^ 

..e causes t.r::„:L:: rrrtr^r::—- 

over signal I^^es^^ r"!::"' 

--.la io«^ri:o"inT.r:irr: :iz:'\'' ^ 

lever arm 206 will ^ Mocking lever arm 206, 

o. reels JolZ^l^^ .2.^2^. """"^^ "^"^ 
a stepper .otor driver ci^^L 304 . 

Bhatt 3oe used to co»u^ic«e r^"' ' T ' 
»otor 302 to reel loa T "°tion trom stepper 

" *^Be± 108, a zero-detect sensn^ -tin 
t.1. 312 positioned to rotate throu^ ZTu il' ' 
" optical sensor 316 positioned tfdlt^c^" iLr'"- 
on decoding reel 3ia -m. ae^ect optical variations 

With decodLr'a. „ Tsr"*'" 

"itn this arrangement, reel proceaao^ in< • 
control the position of reel 108 to a ^^1"! L 
ot stepp«: .otor 302 and can also dete^^e^sitl ' 
lOa using a zero-detect signal chained .^^I 
current sy^i detect obtained fro. optical sZr,!* ' 

between sylTiLilat'e^'^:'"' " "^"^ ''^'^»^<"» 

or «.rnot be preset' " aivision. 
areas on deler .^r^r^f' :"7"-' 
on. s^ol seg.ent, l^Zl :Z.tlZ^:V:Z' 
ccprise. dar. .ra.in, lines 406 and . t^'tZ^ll T^T 
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position designated with "4". Although it is not shown in 
Figure 4, each of the other segments of decoder reel 318 
include patterns of light and dark spots separated by timing 
marks 406. The particular timing spots are indicative of the 
5 binary code for the number of the segment. 

In this manner, reel 108 need be rotated through no 
more than one symbol segment to allow reel processor 306 to 
determine the position of reel 108. Should a power failure or 
malfunction occur such that reel processor 306 loses track of 

10 the position of reel 108, reel processor 306 need only send 
signals to stepper driver 304 to move reel 108 through the arc 
of a single symbol and reel processor 306 would then note the 
signal generated by optical sensor 316, convert it to a 
five-bit binary value, which would indicate which symbol 

15 segment is currently underneath optical sensor 316. Stepper 
marks 404 are also shown in Figure 4, although these are 
generally not included on the physical reel 108, but are shown 
in the figure to illustrate that stepper motor 302 is capable 
of stepping reel 108 through arcs much smaller than the arc 

20 defined by a symbol segment. 

This ability is particularly useful when symbols 110 
are not aligned in window ill. Using a diagnostic system, a 
technician can step reel 108 through a number of steps until 
symbols 110 are aligned in window ill. once the reels are 

25 aligned, the diagnostic system notes the number of steps 

offset from a symbol sector boundary and provides that offset 
count to reel processor 306 and that count serves as an 
alignment offset, thus obviating the need for complex 
mechanical apparatus for keeping symbols aligned in window 

30 111. Each reel processor maintains an alignment i of f set value 
for its reel. 

Figure 5 is a schematic diagram of the distributed 
processors used to control various elements of slot machine 
100. This is shown as distributed processor 500. Distributed 
35 processor 500 includes a game processor board 502, which is 
shown in greater detail in Figure 7, three reel processor 
boards which are discussed above in connection with Figure 3, 
a hopper processor 504, a door I/O processor 506, a handle 
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processor 508, a top box processor 510, a value acceptor 
processor 512, and an optional network I/O processor 514. 

Each of these processors conmunicates with other 
processors over an RS485 bus 516. To communicate over the 
5 RS485 bus, one processor submits a message to the bus 
addressed to another processor in an asynchronous fashion 
Because of this arrangement, each processor can perform its 
function without being interrupted by the events which may 
asynchronously occur on the inputs of other processors. For 
10 example, game processor board 502 accepts commands from a 

casino operator and also outputs a coin escrow display, while 
reel processor board 306 outputs stepper motor control signals 
and accepts zero detect signals and current symbol detect 
signals from reel sensors. The processing of zero detect 
signals and current symbol detect signals can be performed 
independent of the actions being performed by the game 
processor. 

For security purposes, all ussages on the RS485 bu. 
are encrypted by the sender and decrypted by the receiver 
Any m»b.r ot encryption scheme, can be used, such a. a public 
key or a challenge-response encryption process which assu»es 
^t a undesired listener is .onltoring all traffic on the 

Siailarly, hopper processor 504 accepts inputs and 
provides outputs specific to the hopper, such as accepting a 
signal fro. hopper hw^Jware indicative of the hopper being 
full and sending out signals to cause the hopper to release 
coins into hopper tray lis. 

Door I/O processor 506 controls the door and 
security related functions as well as button sensing. Thus, 
the depression of payout distribution select button 114 and 
Play button 106 are detected by door l/o processor 506. if 
Slot machine 100 is provided with security devices such as 
door opening sensors and tamper detect sensors or tilt detect 
sensors, those inputs are provided to door i/o processor 
Because of the distributed nature of the processors, it is 
much more difficult to fraudulently manipulate the internals 
Of slot machine lOO. i„ the prior art, where a single 
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processor is used to control all aspects of the machine, it 
would be a relatively simple matter for a cheater, once the 
slot machine door is open, to control the outputs of such a 
central processor. 

5 Handle processor 508 controls all aspects of l/o 

with handle circuitry shown in Figure 2, such as an indication 
of the strain provided on lever 206, the position of the 
handle and an output to release the handle as well as a game 
start trigger provided by microswitch 222. 
^° present invention, handle processor 508 detects 

movement of handle 104 even where such movement may be less 
than the full travel of handle 104 and sends messages to reel 
processor boards 306 and reel processor boards 306 respond to 
such messages by sending stepper motor control signals to 
15 stepper driver 304 to move reels 108 slightly. This provides 
the apparent effect of handle 104 -jiggling" reels 108 as if 
they were mechanically coupled. 

Top box processor 510 controls lights 124 and 
speaker 126 such that when game processor board 502 sends a 
payout message to top box processor 510, the top box processor 
will activate lights 124 and cause speaker 126 to emit sounds 
corresponding to the payout. Per example, with a small 
payout, the lights might blink once or twice and with a large 
payout, the lights might flash repeatedly and a loud siren 
25 sound might be emitted from speaker 126. 

Value acceptor processor 512 receives a signal 
indicating that a valid coin or other value indicator has been 
accepted as a wager and also controls value accepting 
mechanisms to prevent value from being accepted in such cases 
30 where hopper processor 504 has sent a message indicating that 
the hopper is full or game processor 502 has sent a message 
indicating that slot machine lOO has malfunctioned. 

Another example of processor-to-processor 
communication is where a player presses cash-out button 112. 
35 Pressing button 112 causes a signal to be sent to door I/O 

processor 506 which debounces the button signal, if necessary, 
and packages a message to be sent over bus 516 to game 
processor board 502. When the message is received by game 



20 



"^^^^'^'^ PCTAJS95/11658 

17 

processor 502, it reduces a stored coin escrow value to .ero 

r;:!— r to ais.., 
i dicatin, a r^rj:TL\T:zi 

hopper Li\T "^e"i„, coins into 

provid«i 5" is also 

provided in some embodlmeni-ca i-r* 

" - over an .xteLrnl:^:.--:^^^^^^^^^^^ 

rji^:::! " • ^"'-^ — = -ot 
the runcti!::":: ""'"'"'^^ °' °^ 

15 «cn.nic.l deticL IrLT":"" 

Slot ^cine I r s:^:::r 

^ securely attac J L „7 ^ rCI'"' T"""' 

in n^re i. „ tTe^e::: 'eirtlernr" 

mechanical devices of « ^^^onics and 

- x,o. t..n Slot zi.:i''°:ztT..i''iT: " 

one appeal of a SMller slot Zk^ ! 
co-.orta.le wit. s JL' LVLt L'es T^T 
"friendly- feel to the.. ' ' 

iS i,., . ' ^' ' "^'^9 ^"yo" showing how various 

:5 independent processor boards »i,ht be couplj 

,«e proces"^L:rd^:a"":o:":""' °' 

rcPUi 703 . . showing a central processing unit 

(CPU) 702, a read-only memory (rom) 704, an erasable 
progrannnable ROM (EPROM) 706 a t.»«^ erasable 
o -TOP « ^ i^-Rwn; 706, a random access memory fHAM> 

0 708, a random number generator 710 land a clodc I 
CPU 702 communicates with the RS485^ 
commands and provides dl" aT Lt;/^"^ 
being connected to rom 704, EPRom^s^ "L''^"' " 
generator 7X0 and cloc. 71 .^xL^ 'u^ ai ' 

5 coupled to random number generator 7 lo / !k 

whoT-o ^ generator 710 for those embodiments 
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which are displayed on coin escrow count display 128 (see 
Figure 1) . 

ROM 704 is used to store the operating program which 
CPU 702 executes to perform the various functions described 
5 herein. ROM 704 also stores predefined payout tables, a 
default display table, and other constants as necessary as 
explained herein. 

EPROM 706 stores alternate predefined payout tables, 
an alternate display table, as well as default values for a 

10 return and a hit frequency. 

Figure 8 shows one example of a process game 
processor 502 might use to control a game. The flow chart of 
Figure 8 is shown with a starting blocJc 802 and flow 
continuing through blocks 804, 806, 808, 810, 812, 814, 816, 

15 818, 820, 822 and 824. The process flows from one block to' 
the next higher numbered block unless indicated otherwise. 

At block 804, game processor 502 waits for a game 
initiation signal. A game initiation signal is either a 
message from door I/O processor indicating that play button 

20 106 has been pressed or a message from handle processor 508 
indicating that microswitch 222 has been tripped. Of course, 
a number of other will known methods of initiating a game 
could be used. 

At block 806, game processor 502 determines whether 
25 a wager has been made. A wager could be assumed from a 

non-zero coin escrow count or a wager might be indicated by a 
message from value acceptor processor 512 indicating that a 
valid coin or other indicator of value has been inserted into 
slot machine 100. if a wager has not been made, game 
30 processor 502 loops back to block 806 until a wager has been 
made, at which point game processor 502 proceeds to block 808. 

At block 808, game processor 502 calculates a 
current payout table, if not already calculated, and stores it 
in either RAM 708 or EPROM 706. As should be apparent to one 
35 skilled in the art, RAM 708 could maintain a pointer to one of 
multiple payout tables. Tables 1(a) -(c) below describe some 
exemplary payout tables. 
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A payout table defines a number of payouts each 

iTiii - -in B«;-.::;. tc. 

-. expectation value, as sue, is not usea ,a.e .IZll'or 

" * "l" inherently defines a hit 

X<^Z7 It * r'""' ".hlightea in Table. 

L.™7 ^ ^" °' one »lnus the hit 

frequency, anc. the return is the total for the e»ecta«on 
IS value colu«n. The numbers in each of these tabl^ T ! 

eween 0.0 and l.o to about 9 decimal places. 
The first table. Table w«» t 

»4« - 0.0001 0.1000 



Win B 100 

Win c 10 

Win D 2 

30 Lobs q 
Totals 



0.0900 
0.4400 

°-1550 0.3100 



35 



^•0000 0.9400 
TABLE 1(a). Intermediate Distribution Payout Table 

Mote that, unlixe the prior art, there is no 

IZZIT, T '''^ ^"^^'^^^^^i- -^tiples Of soL 
distribution function of the symbols on the reels such as 
Waooo (0.0001.5, in the case of a three twent;-:;3::::„\^el 
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Slot machine where the payout probability distribution is 
determined by the symbols on the reels and payout rules. 
Table 1(a) only contains numbers which are whole multiples of 
0.0001, but this is not a constraint o£ the invention, but was 
5 done to keep the table uncluttered. As should be apparent, 
the probabilities could be settable in an actual gaming 
machine according to the present invention with a resolution 
of 32 bits, i.e., constrained only to be multiples of 2"^^. 
Some embodiments may have more or less resolution. 

^ should also be apparent, a payout table need not 
be fixed. Game processor 502 could read a fixed payout table 
from ROM 704, or could read a return and hit frequency from 
ROM 704, EPROM 706 or RAM 708 (although the latter is 
unlikely) and calculate a payout table. The calculated payout 
15 table is then stored in EPROM 706 or RAM 708 until the game 
processor 502 is instructed to recalculate the payout table. 

Table 1(b) is a payout table for a jackpot 
distribution, using this payout table, payouts such as "win 
A", a "jackpot- win are more likely. To keep the total return 
and hit frequency the same, the intermediate payouts are made 
less likely. Note that the probability of the payout with the 
smallest nonzero (i.e., winning) payout amount is greater than 
m the intermediate distribution payout table. This is to 
keep the hit frequency constant. 
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Expectation Valtia 


Win A 


1000 


0.0005 


0.5000 


Win B 


100 


0.0001 


0.0100 


Win C 


10 


0.0039 


0.0390 


Win p 

*• 


2 


0.1955 


0.3910 


Loss 


0 


0.8000 


0.0000 


Totals 




1.0000 


0.9400 



TABLE 1(b). Jackpot Distribution Payout Table 

Another type of payout table is one with a payout 
distribution such that each payout has an equal payout amount 
expectation value. This payout table is favored by some 
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Players and ca.ino operators because the probability of each 
payout is inversely proportional to the payout amount. Table 
1(=) Shows how such a payout table can be calculated usino 
:ust the payout rules (which define the payout amounts for 
each payout, , the hit frequency and the return. The variable 
E « a placeholder for the calculation. variable 
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ProbabiH^Y 


Win A 


1000 


E/1000 


Win B 


100 


E/lOO 


Win c 


10 


E/10 


Win D 


2 


(R-3E)/2 


Loss 


0 


— A - W 


Totals 




1.0000 



Expec-nai^i^n '^nhm 

E 
E 
E 

R-3E 
Q.opnn 

R 



TABLE 1(c). Even Expectation Value Payout Table 
AS should be apparent from Table 1(c), the payout 

loio too ^^^'^^'^ P*^-^ a^ounts^^ 

1000, 100, 10 and 2). For so»e payout rules, there is no 
solution Which allows all the expectation valueT" ^^^1 
Although there are payout rules for which this is possibr It 

What IS, xn a sense, a remainder expectation value, H-3E 
Even If one of the payouts has a different expecta;ion v;iue 
it is nonetheless still considered an even payout table if ' 
one payout expectation value (in this example, the last 
winning payout) is not constrained to be egual to the others 
then a sc^lution can always be found, m the above exal^H 

^ ZT2 r^!/--^^- * -noo . E/10 . (He ; ! 

HF Which simplifies to E - ((500 x R) - (looo x HF))/1389. 
With R » 0.94 and HF = 0.20, E is 270/nflo n/J-^**^. 
0.1944. ' 270/1389, or approximately 

H« • H f*""^' * ^"^^^ calculated for any 

desxred relative probabilities for three of the payouts s'own 
above (or xn general, for n-l payouts where the payout 
specify n wxnning payouts) . significantly, any of the abo" 
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tables can be used with any given slot machine, without the 
need to modify the reels or the symbols on the reels, so long 
as the payout rules do not specify a payout for a symbol 
combination which is not possible with the reels used, m 
5 other words , the reels must include at least one display 

consistent with each payout if the probability of that payout 
is greater than zero. 

once a payout table is generated, game processor 502 
proceeds to block 810 and generates a game random number (GRN) 
10 used to randomly select one of the payouts. GRH is generated 
by random number generator 710 by any one of the well known 
methods for generating a random number from a uniform, 
normalized distribution, in some embodiments, a time'signal 
from clock 712 is used as part of a seed so that a player who 
studies a slot machine's behavior and knows how it calculates 
random numbers will not be able to determine the next random 
number from a discovered sequence. 

At block 812, the GRN is used to select one of the 
payouts in any manner well known to one skilled in the art for 
randomly selecting one member of a plurality of members in a 
set where a probability is associated with each member. One 
method is to map each payout to a range of possible values of 
GRN with each range proportional to the probability for that 
payout. For example, in the above payout tables the losing 
25 payout has a probability of 0.8. If GRN is a random variable 
selected from a uniform distribution from O.o and i.o, then a 
GRN between 0.0 and 0.8 could be designated as a selection of 
the losing payout. 

At block 814, the payout amount for the selected 
payout is determined from the current payout table. In 
alternate embodiments, the payout amount is not determined 
until after block 820, as the payout amount is not needed 
until a payout amount message is to be sent to the top box 
processor to present an audio-visual display corresponding to 
the amount won and to the hopper processor to pay out the 
iUBOunt won. 

Once a payout is selected, a final display 
consistent with that payout needs to be selected. Of course. 
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Slot machine 100 needs only to display one consistent final 
display for each payout, but to keep the game interesting 
slot machine 100 randomly selects a final display from the set 
of possible consistent displays. This selection is done using 
a look up table which indicates which final displays are 
consistent with which payouts. An example is shown by Table 
2 • 



10 



win A 1 



Win B 



15 



1 
2 

• • • 

19 
20 



BAR 
BAR 

• • • 

BAR 
BAR 



R^?l 2 Reel 3 
BAR BAR 



BAR 
BAR 

• • • 

BAR 
CHERRYl 



CHERRYl 
CHERRY2 

• • • 

X16 
BAR 



20 



Win C 



25 



56 

57 

1 
2 
3 
4 

• • • 

1142 



X15 
X16 

BAR 
BAR 
BAR 
BAR 

• • • 

X16 



BAR 
BAR 

CHERRYl 
CHERRYl 
CHERRYl 
CHERRYl 

• • • 

X16 



BAR 
BAR 

CHERRYl 
CHERRY2 
CHERRY3 
XI 

• • • 

BAR 



Win O 



30 



1 
2 

• • • 

324 



CHERRYl 
CHERRYl 

• • • 

X16 



CHERRYl 
CHERRYl 



XI 
X2 



CHERRY3 CHERRY3 



Lose 



35 



CHERRYl 



XI 



6476 X16 X16 

TABLE 2. Possible Displays 



XI 



XI 6 
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Table 2 lists all 8000 possible displays for a three 
reel, twenty position slot machine. While some of the entries 
might appear to be the same final display because of symbols 
being repeated on the reels, the display is different if the 
5 player can see the edges of adjacent symbols and the adjacent 
symbols are different. For a gaming machine in which the 
final display is a poker hand, the number of final displays is 
52 X 51 X 50 X 49 X 48, or 311,875,200. With that number of 
combinations, the final display selection might not be 
10 table-based, but instead could be rule-based, of course, even 
with 8000 displays, a rule-based display selection might also 
be possible. 

Table 2 above is the table of final displays for a 
slot machine where each of three reels include one BAR 

15 symbols, three cherry symbols, and sixteen symbols which do 
not contribute to a winning display, in this example, the 
payout rules are a final display of three BAR symbols results 
in payout "Win A", two BAR symbols results in payout "Win B", 
one BAR results in payout "Win C", two CHERRY symbols result' 

20 in payout "Win D", and all other symbol combinations result in 
payout "Lose". Of course, with the present invention, the 
payout does not "result" from the final displays, since the 
payout is selected first and a consistent display is selected, 
although it appears to the player that the display is 

25 determined first and then the consistent payout is determined. 

The particular payout rules represented in Table 2 
allow for an ambiguous payout, namely the symbol combinations 
of one BAR and two CHIKRY symbols, which are consistent with 
either payout "Win c" or payout "win D". in this case, an 

30 additional payout rule is that the player will obtain the 

highest payout for the display. Another way of handling this 
ambiguity is to simply not include those displays as possible 
displays, which is trivial given that the payouts are 
determined before the displays in the present invention. 

35 However, the latter approach is not useful with the given 
payout rules, since a display of three BAR symbols is 
consistent with the first three payouts. 
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If the payout is "Win A", then there is only one 
display to choose fron, and that is set to be the final 
display. If the payout is -Win B", the number of consistent 
displays, n^, is 57. m a basic embodiment of the invention, 
5 each Of the 57 displays are assigned a probability of 1/57 
(uniform distribution) . 

These symbol selections highlight a benefit of the 
present invention, which is that the payout table is 
independent of the display table, m the prior art, where 

^^^^ ^'^^''^^ ^ probability, 

the hit frequency for Table 2 and the payout rules of 

Tables l(a).(c) would be fixed at 1524/8000, or 19.05%, and 

the return would be fixed at 235% I The intermediate win 

payout out of ten would also be three times as liJcely as the 

15 low win payout out of two. The casino operator using the 

present invention has no such constraints. 

reauir^d f ^^^^""^ "^^^ the display table is not 
required, but is only used to vary the different possible 
consistent displays, m one embodiment, albeit a less 
interesting embodiment, only one display is used for each 
payout, once the payout is selected, that one display is the 
selected display. The advantage to this embodiment is that t 
takes less computing power, since the random number for 
selecting the display need not be generated and Table 2 need 
not be created or stored in memory. 

in Miother v«iation, a table such as Table 2 (or a 
table x„ Which the sequence of displays is less orderly) i. 
used, but the display selected from the plurality of 
consistent displays i. not r«,do»ly selected. Instead, the 
display is selected according to a deterministic rule. For 
example, processor 502 might store pointers to the last 

display selected of each group of consist«,t displays, and 
select the next consistent display, one adv«,tage to this 
embodiment is that an unscrupulous player watching the reels 
for an extended time would notice the pattern of displays and 
attempt to determine when the high payouts will occur, of 
course, since the payout determination is totally independent 
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Of the display determination, no information about a payout 
can be found from the display. 

Referring again to Figure 8, at block 816, a display 
random number (DRM) is randomly generated, and is used to 
5 randomly select one of the displays consistent with the 

payout. For example, if the payout is "Win B", then DRN would 
cause one of the 57 displays consistent with a "Win B" to be 
selected. In an alternate embodiment, DRH can be derived from 
a portion of GRN. Por example, after selecting a payout, CRM 
10 can be normalized such that GRN is evenly distributed over the 
range of numbers associated with a payout are normalized to a 
range of 0.0 to l.o. 

Once the final display is selected, game processor 
502 sends a final display message indicating the final display 
15 to reel processors 306 over bus 516, at block 818. The reel 
processors then determine where each reel should stop. To 
present a pleasing game, each of reel processors 306 slows its 
reel 108 down before stopping it on the final symbol, and reel 
processor 306(1) stops reel 108(1) before reel processor 
20 306(2) stops reel 108(2), and reel processor 306(2) stops reel 
108(2) before reel processor 306(3) stops reel 108(3). In 
order to coordinate this, the reel processors send messages to 
each other over bus 516. 

At block 820, game processor 502 waits for all the 
25 reel processors to send messages indicating that they have 

stopped their reels, and then at block 822, game processor 502 
sends a payout message to top box processor 510, and at block 
824 sends the payout message to hopper processor 504 . The 
payout is known before the reels stop, but to create the 
30 impression in the player's mind that the display is not 

selected to conform to an already determined payout, the top 
box and the hopper do not react until after the final display 
is presented. 

The top box processor causes lights 124 to flash and 
35 speaker 126 to emit sounds associated with the payout. 
Typically, the speaker is silent for a loss and is 
progressively louder for larger payout amounts, and the amount 
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Of visual sti-ulus provided by lights 124 is similarly rel.tad 
to the payout amount. "iatea 

^„ a . processor use, the payout aaount message 

to determine how „.„y coins or indicatiomi of value to provide 
to the player, if a gaain, machine is so configured, no value 

balance is increased. TvDicallv k.i- 

^yp^c&i.iy, the balance of the escrow 

iirrp::s"d! °" "^""^ 

^ ^""^ins "lock 824, ,«.e processor S02 resets for 
the next game, and the process flows back to block 804. l7 

Te """'i"'*'' «>• P«yo»t and the final display 

are not determined until , game has started and a „.g.r I, 
made. r„ an alternate embodiment, the outcome of a next oame 
is determined before that game begins, however this is^ot^e 
preferred order, since it might allow a player with llcTs T 
the internals of a slot machine to determine if the .,.h! 
set to Win before the player make, a wage^? " 

descriptiorr! ' ' ""'^^ " 

oroHsTr/ """" operating a slot machine. The 

a!lr?\ ' " • ' i"itiate, a 

game (step ,02, by either pressing a start button or by 

pulling a handle, once a game starts, and preferably^fter 

the reels begin spinning to limit opportunities for Ll^ the 

game processor generates a first random number, khi ,1^' 

The generation of SHI is performed according to well 
known methods for generating random numbers. i„ a snLifl! 
embodiment, l«i is a «-blt number r««io»ly selected' all 
poss bl. „.bit numbers with each 32-bit nLba^t^g'^a J 
likely. TO fall between the range from zero to one thnj- 
bit value is simply treated >. ... 

Of a number. ' """"^ fractional portion 

once RHi is generated, it is checked against HP th. 
Mt freguency value for the game (step ,06, . In^e specif ^ 

rn^ti^e^t: iroit: - - - - 

t.s process.^ m Sl^TZ^-'llTZT. a 
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32-bit approximation of 0.20. If rni is less than HF, 
indicating that the game is a winning game, the process 
continues at step 910, otherwise, the game is a losing game 
and the process continues at step 908. 
5 If the game is a winning game, a second random 

number, HN2, is generated (910), and is used to select a 
payout from a payout distribution (912) . Using a random 
number to select one member of a set based on a probability 
distribution of the members is well known in the art, as 

10 explained above. In a specific embodiment, the probability 
distribution of payouts is described by an ordered array of 
payout records, wherein each record has two fields, an 
identifying field identifying the payout and a sum field which 
holds the sum of the payout's probability and the sum of 

15 probabilities of all other payouts which are prior to the 
payout in the ordered array. This way, the game processor 
need only scan through the ordered array once to select the 
first payout whose sum field is greater than RH2. The effect 
of this operation is to select a payout based on the payout 

20 probability distribution, with the selected payout determined 
by RN2. 

The probability distribution of the payouts 
determines the return percentage for the game, as explained 
above. Significantly, the probability distribution of the 
25 payouts is not constrained at all by the distribution of 
symbols on the reels, or in any other way determined by the 
final display, since the final display is determined after the 
payout is selected. 

If the game is a losing game, as determined in step 
30 906, the process continues with step 908, where the one losing 
payout (typically having a payout amount of zero, or some 
small consolation prize which may or may not be money) is 
selected. 

Whether the game is a winning game or a losing game, 
35 a third random number, RN3, is generated (step 914), and the 
game processor uses RN3 to select one display from a set of 
consistent displays (916) . The probability distribution of 
displays within a set of consistent displays can either be a 



10 
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uniform distribution (each display equally likely) or a non- 
unxfom distribution (some displays are favored, such as 
"near-miss., displays) . The determination of which displays 
are consistent with which payouts is a straightforward 
5 exercise as described above. 

once a final display is selected, the game processor 
causes the reel processors to control the reels so that the 
reels stop in a position which displays the selected display 
(918). If a winning game was hit (as determined in step 906) 
decision step .920 directs the process to step 922, otherwise 
the game ends. At step 922, the player is credited with the 
payout amount associated with the selected payout, and then 
the game ends, m some embodiments, when the game is a losing 
game and the payout is not zero, the player is provided with 
15 the consolation prize. 

In suBMry, this description describes gaaing 
Machines, slot ..chines in particular, where a payout is 
selected according to a payout distribution independent of the 

7 " " °' ""^'^^'y^ co„,ist«,t 

with the selected payout. The ,aMin, Machine is arranged so 
that it appears to a player that the display is determined 
before the payout, «,d in the case of slot nachines, that the 
stopping positions of the reels are determined by the r.ndo» 
effects of friction, as was the case with older, purely 
mechanical slot machines. 

Furthermore, a slot machine is described where an 
electronxc linkage is provided between the handle and the 

h!""''^' -ch-ical linkage of older machines, 
reel decoding apparatus and method are also described which 
allows a reel processor to determine a reel position 
independently of a count of steps of a stepper motor without 

distributed processing system for controlling various aspects 
Of the Slot machine, with many advantages is also disclosed. 

The above description is illustrative and not 
restrictive. Many variations of the invention will become 
apparent to those of skill in the art upon review of this 
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disclosure. Merely by way of example, the probability 
distribution of displays need not be a uniform distribution 
over all consistent displays, but need only be zero for each 
inconsistent display, such as a distribution which favors 
5 (naXes more probable) losing displays which are adjacent to 
winning symbols, to create "near-miss" displays. The scope of 
the invention should, therefore, be determined not with 
reference to the above description, but instead should be 
determined with reference to the appended claims along with 
10 their full scope of equivalents. 

Appendix A is a source code listing of a program 
used to control a programmed computer according to the present 
invention. The program is written in the C programming 
15 language, and can be compiled with a C compiler as is well 
known in the art. in a particular embodiment, the complied 
code is stored in ROM 704 and is executed by CPU 702 to 
perform steps shown in the flowchart of Figure 8. 
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Source Cori«i Append iv i^ 
/* Copyright 1994 Spintek International, Inc. 
' equatlSS:^""^ algoritlm of this machine is based on the 

HF*(pl*payl + p2*pay2 +...+ pN*payN) = P(i*CP 
10 where CP is Coins Played 

Iv ^l^i^'^'l return percentage 

HF is desired game hit frequency 

15 selec?2d'?o^: ?£??oies^^aioui""'"' J^^?' ^^^^ ^« ^^^e 
minus the sum of the o?Ser^S?oSh?????*' ^' ^"^^^^ ^ 
prohabilities xaust'egS^^L^lS^^^i^i^S f^SS? ^tsTs^' 
PN » 1 - (pi + p2 pN.i, 

and it follows that 

pH.payH - i.p.yN - (pi.p,y„ ^ pj.p.y„ ^ ^ pN-i.payM) 

25 and 



HP*[(plMpayl-payN))+(p2Mpay2-payN)) + ...^l*payH] , pc*cP 

finding tSl value Sf ?he sS^o?? calculated by 

(pl*(payi-payM)) + (p2*(pay2-payM) ) 

-h'pii«?oxi^^ thus giving 

percentage is then: expectation. The first win 

Pl-t ( { (CP.PC) /HF) -LP) / (HP-l) , / (payl-payN) 

?SJd*5?n!^L,?::e?f"i,''liLS'SJ''"*- '"broutine 
new ia»-?,tum pIJ^UlgriifSe^Sr^SIfM™ ' 

" iS5rJS5?fS?:?':iicS'iriSrLS; v.xu.s to b. Werea into 
An intirmediate doSirfioarvaJS ^ "«"• 
ii.it »Xtipie recaiculfJfSS II^^^^^^A ^LIo'JS?^'S2 f^'Si^ 

50 

d- { ( (CP^PC) /HF) -LP) / (NP-l) 
where CP is Coins Played 

55 t« 2!f '""^^ percentage 

" ^ f« desired game hit frequency 

S is if^K^^ nonzero payout amount and 

NP IS the number of nonzero payouts (including LP). 
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The variable d is converted to a 32 bit fraction w and 
percentages are calculated as (w/ (pay-LP) ) rihS It t^l 
previously calculated win percentage^ to allow a sSb?! 
search. The last table value (ass2c?aied wlS^ ?he T?iest p^v 
JJl'"-* arbitrarily set equal to OxFFFFPFFF, which is Se 
maximum value of a random number in this system! 

10 Y*^^ load^winjpercentage (void) 

double d; 
unsigned long w; 
unsigned long sum; 
int i; 
15 int j; 

for (i»0; i<max__coins; i++) { 
sum»0; 

w » (unsigned long) ( OxFrFFFFFF*d) ; 

for (j=0; j<(number_of_payouts-l) ; j-H-) { 

sum +- (w/ ( (unsigned long) (payout amtriir-Ji 

- payout^amt [ i ] ( number^of _j)ayouts-l ) ) ) ) ; 

^ win_per centage ( i ] [ j ] -sum ; 

winjpercentagetl] [nujnber_of _payouts-i]=oxFFFFFFFF; 
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void generate_game_result(void) 

unsigned long r; 
5 int i; 
int j; 

unsigned char code *combo; 

if(rng()<=hit_frequency){ /* WINNER*/ 

r»rng(); /* Get second random number*/ 
/* Assume lowest pay */ 
15 pay amount » 

payout_amt [ coin3_played-l ] [ number_of _payouts-l ] 
combo » 

2 0 get_pay_combination_ptr (machine_selection , 

niimber_of_payouts-l) ; 
/* compare random number with win percentages */ 
for (i«o; i<number_o£jayouts-l; i++) ( 

" ^pa^^iSsSSrr'^'''^ C coins_played.i ] [ i ] ) ( 
combrr'*''-*"''f'=°^"«-Pl*y«d-l] [i] ; 

breakr-^*^-'''*"*'^"*^^°"-P^^<»»«»»ine-Selection,i) ; 

} 

> 



35 



40 



45 



else{ /* LOSER /* 
/* use zero pay amount and a consistent symbol combination. */ 
pay amount»0; 

combo»get^ay_combination_ptr(machine_gelection, 
y number_of_j)ayouts) ; 



:i<n«»«ber_of reels; j++) / 

g«t_reel_strip_position(machine_3election, 
combo-M- ; display_combination( j]) ; 

50 ) 

/* Do accounting functions */ 

coin_in_meter+«coins_played ; 
55 coin_out_meter+»pay imounf 

^ actual_percentage-(Too*coii^out_meter) /coin_in_meter; 
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WHAT IS CTATMirp jg. 

1 1. A gaming machine comprising: 

2 a value acceptor for accepting indications of value 

3 from a player; 

4 game initiating means, coupled to said value 

5 acceptor, for initiating a game when said indication of value 

6 has been accepted; 

7 game processing means, coupled to said game 

8 initiating means, for determining an outcome of said game, 

9 said outcome defining at least a payout; 
^aae display means, coupled to said game processing 

means, for displaying, over a nonzero time, a progression of 
said game ending with a final display consistent, according to 
predetermined payout rules, a payout amount of said payout; 

payout means, coupled to either said game processing 
means or said game display means, for providing value to said 
16 player consistent with said payout amount; 

a slot machine enclosure enclosing said value 
acceptor, said game initiating means, said game display means, 
19 and said payout means; and 

^® * plurality of processors, at least one in each of 

said value acceptor, said game processor, said game display 
means, and said slot machine enclosure, each of said plurality 
of processors including an independently operating central 
processing unit, thereby allowing each processor to be 
reconf igurable and replaceable without requiring 
26 reconfiguration of other processors. 

1 2. The gaming machine of claim i, wherein said 

2 outcome defines said payout amount and said final display. 

1 3. The gaming machine of claim l, wherein said 

2 value acceptor and said payout means operate on different 

3 forms of value selected from coins, bills, tokens, scrip, or 

4 electronic credits and debits. 



11 
12 
13 
14 
15 



17 
18 



21 
22 
23 
24 
25 
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4. The gaming machine of claim 1, wherein said game 
display means is one of a plurality of reels rotating about a 
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3 coamon axis or a video screil which simulates plurality of 

4 reels rotating about said cosmon axis. 

1 5. The gaming machine of claim 4, wherein said 

3 "i** Of simulated 

4 



reels during said nonzero time, stopping said reels or 
simulated reels one at a time until said final display is 



5 reached. 



1 
2 

1 
2 
3 
4 



12 
13 
14 



6. The gaming machine of claim i, wherein the 
gaming machine is a slot machine. 

7. The gaming machine of claim l, wherein the game 
processing means determines a payout according to a payout 
table saxd payout table selectable by a player from a 
plurality of possible payout tables. 



^ 8. A slot machine comprising: 

2 a plurality of reels mounted to rotate about a 

3 coxQinon axis; 

5 said ni, P'^o^eBsor for determining final position for 

5 said plurality of reels; 

6 handle coupled to said game processor and 

LTL°nl'° '^""'^ ^ that When 

8 said handle xs moved from a resting position to a full 

10 "if "'^ ^""^ ^'^^""^^ ^"^^t^^t- "tation Of 

10 said reels; and 

11 a ,«sor coupled between said handle and said gaiw 
processor for detecting travel of said l»ndl. between said 
resting position and sai., f„u station position, wherein said 
sensor provides said ,.»e processor with an indication of a 

15 distance of said detected travel. 

1 ». The Slot naehine of claia a, wherein said gane 

2 processor is progra»«.d to nove one or „ore of said plurality 

3 Of through an angular distance of less than a full 

4 rotation when said sensor provides an indication that said 
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5 handle is moved through less than said travel between said 

6 resting and full rotation positions. 

1 10. The slot machine of claim 8, wherein said game 

2 processor comprises a plurality of processors, including one 

3 processor per reel of said plurality of reels. 

1 11. A slot machine comprising: 

2 a plurality of reels mounted to rotate about a 

3 common axis; 

4 a game processor for determining a final position 

5 for said plvirality of reels; 

6 a plurality of stepper motors, at least one per reel 

7 of said plurality of reels, each stepper motor controlled by 

8 said game processor; 

9 wherein said game processor is programmed to slow 

10 the rotation of a reel using the stepper motor until said reel 

11 is stopped at a predetermined angular position, to simulate a 

12 frictional slowing of said reel. 

1 12. A slot machine comprising: 

2 a plurality of reels mounted to rotate about a 

3 common axis; 

4 a game processor for determining final position for 

5 said plurality of reels; 

6 a plurality of stepper motors, at least one per reel 

7 of said plurality of reels, each stepper motor controlled by 

8 said game processor; 

9 means for indicating an alignment offset position of 
10 a reel; ^ 

memory coupled to either said game processor or a 

12 reel processor dedicated to control of one or more of said 

13 plurality of reels, 

wherein said memory stores said alignment offset 

15 position and wherein said game processor or said reel 

^ 16 processor uses said alignment offset position to control said 

17 stepper motor. 
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1 13. The slot machine of claim 12, wherein said game 

2 processor or said reel processor is programmed to stop said 

3 
4 
5 
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plurality of reels at positions offset by said alignment 
offset position, thereby providing each of said plurality of 
reels with an angular rotation necessary to keep a symbol 



6 centered in a display window. 



1 14. The slot machine of claim 12, further 

2 comprising means coupled to said game processor for generating 

3 an electronic signal when a reel is in a zero position, said 

4 reel having one zero position with a known spatial 

5 relationship to centers of symbols on said reel. 



15. A method of operating a gaming machine, wherein 
a game begins with a wager and the gaming machine provides a 
player with payout rules, the method comprising the steps of: 

randomly selecting a payout from a plurality of 
payouts according to a probability distribution of said 

6 plurality of payouts; 

7 then, randomly selecting a display from a set of 

8 displays Which are consistent with the payout rules and said 

9 selected payout; 

^° displaying said selected display; and 

crediting the player with a payout amount of said 



12 selected payout. 



1 16. The method of claim 15, wherein one of said 

2 plurality of payout has a payout amount of zero and is 



3 associated with a losing game. 



1 



17. The method of claim 15, further comprising the 
2 Steps of: 

associating sets of combinations of symbols with 
each of said payouts, thereby defining payout rules, 

wherein each display in said set of displays 
comprises a combination of symbols, and wherein a given 
display is consistent with a given payout if and only if said 
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8 given display comprises a combination of symbols which is a 

9 member of a set associated with said given payout. 

1 18. The method of claim 15, wherein said 

2 combinations of symbols are poker hands. 

^ 19. The method of claim 15, further comprising the 

2 step of stopping a plurality of reels in stopping positions to 

3 display said selected display, said stopping positions being 

4 such that said plurality of reels display, in a window, the 

5 combination of symbols which the selected display comprises. 

1 20. The method of claim 15, wherein said 

2 probability distribution of displays is a uniform probability 

3 distribution over all displays consistent with said selected 

4 payout. 

1 21. A method of operating a gaming machine, wherein 

2 a game begins with a wager and the gaming machine provides a 

3 player with payout rules, the method comprising the steps of: 

4 randomly selecting a payout from a plurality of 

5 payouts according to a payout probability distribution of said 

6 plurality of payouts, wherein said step of randomly selecting 

7 a payout is performed without reference to a distribution of 

8 symbols on a display; 

9 then, selecting a display from a set of displays 

10 which are consistent with the payout rules and said selected 

11 payout; 

^2 displaying said selected display; and 

J crediting the player with a payout amount of said 

14 selected payout. 

1 22. The method of claim 21, wherein only one 

2 display in said set of displays is consistent with the payout 

3 rules and said selected payout, thereby reducing said step of 

4 selecting a display to a step of identifying said only one 
" 5 display. 
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1 23. The method of claim 21, wherein said step of 

2 selecting a display is a step of randomly selecting one 



display consistent with said selected payout fro. said set of 
displays When said set of displays comprises a plurality of 
displays consistent with said selected payout. 

24. The method of claim 21, wherein said step of 
selecting a display is a step of selecting on. display 
consistent with said selected payout from said set of displays 
When said set of display, comprise, a plurality of d isp^s 
co„sist«,t With said selected payout, wherein said one display 
6 is d.t«n.i„ed unambiguously from said selected payout and I 
1 predetermined rule. * 



\ r,™, , ■ °* ""'"i" step Of 

2 randomly selecting a payout comprises the steps of: 

determining said plurality of payouts; 
< associating each payout amount of a plurality of 

payout amounts with each payout of said pluralLy of ^Iyls, 

7 . "iculating a return percentage for said plurality 

8 weighted by a payout probability of said associated payout 

9 said payout probability determined according to said pLout 
10 probability distribution; 

adjusting one of said payout probability 

13 return percentage is other than a desired retm™ percentage to 

5 \T1 ■ °' and saH dH red 

15 return percentage; and ""sirea 

' , "n-f-ly selecting said payout according to results 

17 of said step of adjusting. "suits 

, „ , , """""^ °' ''^"^ """^i" step Of 

2 calculating said return percentage comprises the steps L 

hoH or'"i'""' ' P"^'"*'"- subtracting said 

4 hold percentage fro. one to result in said return percentage. 
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1 27. The method of claim 25, wherein said step of 

2 step of calculating is performed each time a game is played. 

1 28. The method of claim 25, wherein said step of 

2 step of calculating is performed whenever a gaming machine 

3 operator desires to adjust said hit frequency or said return 

4 percentage, the method further comprising a step of accepting 

5 a new value for said hit frequency or said return percentage 

6 from said gaming machine operator, thereby creating a payout 

7 probability distribution reflecting any adjustments to said 

8 hit frequency or said return percentage. 

1 29. The method of claim 21, wherein said step of 

2 randomly selecting a payout comprises the steps of: 

3 determining said plurality of payouts; 

4 calculating a hit frequency for said plurality of 

5 payouts as a sum of probabilities of payouts which result in a 

6 nonzero payout amount, said probabilities determined according 

7 to said payout probability distribution; 

8 adjusting said payout probability distribution when 

9 said hit frequency is other than a desired hit frequency to 

10 reduce a difference of said hit frequency and said desired hit 

11 frequency; and 

12 randomly selecting said payout according to results 

13 of said step of adjusting. 

1 30. The method of claim 29, wherein said step of 

2 step of calculating is performed each time a game is played. 

1 31. The method of claim 21, wherein said plvirality 

2 of payouts includes only winning payouts and the method 

3 further comprising a step of randomly selecting between a 

4 winning game and a losing geune according to a hit frequency 

5 value, followed by said step of randomly selecting a payout 

6 from among said winning payouts only when said winning game is 

7 selected. 
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1 32. The method of claim 21, wherein pltirality of 

2 payouts includes only winning payouts and the method further 

4 

5 



10 
11 



15 
16 
17 
18 
19 
20 



comprising a step of randomly selecting between a winning 
outcome and a losing outcome according to a hit frequency 
value, followed by said step of randomly selecting a payout 



6 from among said winning payouts. 



1 33. The method of claim 32, wherein said hit 

2 frequency value is a value between zero and one, wherein an 

4 



... — •~» "MOioxii an 

expectation value of a payout amount over said plurality of 
winning payouts multiplied by said hit frequency value is a 



5 return value between zero and one. 



1 34. A method of operating a gaming machine, wherein 

2 a game begins with a wager and the gaming machine provides a 

4 

5 
6 
7 



player with payout rules, the method comprising the steps of: 
generating a first random number; 
selecting a game result from a hit and a non-hit 
according to a hit frequency and said first random number; 

generating, when said game result is said hit, a 

8 second random number; ' 

9 selecting, when said game result is said hit a 
payout from a plurality of payouts, according to a probability 
distribution Of said plurality of payouts and said second 

12 random nusiber; 

" selecting, when said game result is said non-hit, a 

14 payout with a zero payout amount; 

generating a third random number; 

selecting a display from a set of displays which are 
consistent with the payout rules and said selected payout; 
displaying said selected display; and 
crediting, when said game result is said hit, the 
player with a payout amount of said selected payout. 

1 35. The method of claim 34, wherein said 

2 probability distribution of said plurality of payouts is 

3 independent of a distribution of displays in said set of 

4 displays. 
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